1. Introduction {#s0005}
===============

Prevalence of obesity has reached epidemic proportions across all gender, age and ethnic groups. However, overweight and obesity in children is growing alarmingly. From 1990 to 2010 the global prevalence of childhood overweight and obesity increased from 4.2% to 6.7% and is expected to reach 9.1% in 2020 [@bib1]. Overweight and obese children are more likely to be obese adults, with many repercussions on health including cardiovascular disease, metabolic syndrome and cancer. Genetic factors, dietary behaviors, and physical activity are the main factors influencing overweight and obesity in young adolescent. However, other factors related with modernization of life have been related to obesity and need to be better addressed [@bib2].

Meta-analysis and systematic reviews have provided evidence that sleep patterns, sleep duration, and sleep quality are associated with overweight and obesity. Shorter sleepers had higher risk to be overweight/obese compared to longer ones, with a stronger association in boys than in girls [@bib3], [@bib4], [@bib5]. Despite adolescents need about 9 to 10 h of sleep [@bib6], the National Sleep Foundation and a recent meta-analysis, reported that teens tend to have irregular sleep patterns across the week and only the 20% had an optimal sleep duration [@bib7], [@bib8]. Short sleep duration may affect food intake, appetite, satiety and energy balance through the modification of hormonal responses [@bib9], [@bib10]. Moreover, alterations in sleep patterns and sleep efficiency is often associated with unhealthy habits and lifestyle modifications, such as lower physical activities, consumption of high calories foods and beverages [@bib11], [@bib12]. The aim of this study was to evaluate the association between sleeping habits, Mediterranean Diet pattern, and weight status using bioelectrical impedance analysis in an adolescent population.

2. Methods {#s0010}
==========

2.1. Design, setting, participants {#s0015}
----------------------------------

The sample was collected during two scholastic years (period October--May of 2012--13 and 2013--14) involving students 11--14 years old attending 15 secondary schools of Sicily, Southern Italy. Schools were randomly selected after stratification based on the socio-economic level of the ten districts of the municipality of Catania to obtain a diverse range of socio-economic status (SES) among the participants. Adolescents attending last year were invited to participate (*n*=1766) and 1643 (93%) provided informed consent from parents and oral consent themselves prior to filling out the questionnaire. A final number of 1586 was included in the analysis (57 subjects were excluded due to incomplete or inconsistent data from questionnaires). Participation was not compulsory and anonymity was preserved. The study was approved by the ethics committee of the University of Catania and the Department of School Policies of Catania.

2.2. Data collection {#s0020}
--------------------

The questionnaire was administered during school hours, between 10 am and noon, in the classroom in presence of a teacher and researchers. There was no time restriction to complete the questionnaire. The clinical visit to registered the anthropometric measurements was performed after the questionnaire, in a separate room. Data collection was performed by three trained medical doctors and a member of the Department of the School Policies, following a specific protocol to ensure that the same conditions were met for all participants.

Demographic information, such as the adolescents' age, their parent\'s education level and job were collected in the first part of the questionnaire. Educational level was categorized as follow: secondary or lower, high school, and university. Occupational level was categorized as follow: unemployed and unskilled professions (i.e., manual workers), partially skilled professions (i.e., professors, nurses, etc.), skilled professions and white collars (i.e., medical doctors, lawyers, managers, etc.). Physical activity status was evaluated by the Physical Activity Questionnaire for Adolescents (PAQ-A) [@bib13]. The score ranged from one to five and higher scores indicate higher levels of physical activity.

Information related to daily sleep patterns were collected through six questions: What time do you usually go to bed?; what time do you usually wake up?; how many minutes did you sleep on any daytime naps?; both on weekdays and weekend day, as made in other studies [@bib14], [@bib15]. Sleep durations (hours) were calculated as the difference between self-reported bedtime and wake time, for weekdays, weekend, nap and the total week (the sum of the weekday sleep duration multiplied by five, and of the weekend sleep duration multiplied by two, was then divided by seven). Bedtime and wake time where then categorized as follows: before 21:00, between 21:00 and 22:00, between 22:01 and 23:00 and after 23:01 for bedtime; before 7:00, between 7:00 and 7:30 and after 7:30 for wake time. Moreover, adolescents were classified into one of four categories based on median splits (age and gender adjusted) of their bedtime and wake up time: EE: early bed--early rise (2210 h, 0700 h, sleep duration 8.5 h); EL: early bed--late rise (2215 h, 0730 h, sleep duration 9.15 h); LE: late bed--early rise (2245 h, 0710 h, sleep duration 8.3 h); LL: late bed--late rise (2259 h, 0755 h, sleep duration 8.5 h) [@bib16].

To assess sleepiness, the Pediatric Daytime Sleepiness Scale (PDSS) [@bib14], an 8-item instrument based on a Likert-scale ratings (never=0; seldom=1; sometimes=2; frequently=3; always=4) was used. Total scores could range from 0 to 32, with higher scores indicating higher levels of sleepiness.

Finally the last part of the questionnaire focused on the dietary assessment based on a revised version of other food frequency questionnaires (FFQs) developed for Italian adolescents [@bib17], [@bib18]. Data from that questionnaire were used to calculate the KIDMED score (Mediterranean Diet Quality Index for children and adolescent) [@bib19] used to evaluate the different adherence to the Mediterranean diet by measuring the consumption of 16 components. Total KIDMED scores were classified as follows: 0--3 reflected a poor adherence to the Mediterranean diet; 4--7 described average adherence; and 8--12 described a good adherence.

2.3. Body composition assessment {#s0025}
--------------------------------

Determination of body impendence was obtained using the foot to foot devices TANITA BC-420 MA (Tanita, Tokyo, Japan), with a 50 kHz frequency; According to manufacturer\'s instructions, skin-to skin contact was avoided in all measurements. To compute Total Body Water (TBW), the equation proposed by Bray et al. [@bib20] was used instead the manufacturers' one. Then, a hydration fraction of 0.732 ml/g was used to compute TBW in Free Fat Mass (FFM).

Body weight (BW, Kg), body height (HT, cm) and waist circumference (WC, cm) were measured to the nearest 100 g and 0.5 cm respectively. BMI was computed as weight in kilograms divided by the square of height in meters, and international age- and gender-specific cut-off points for children according to the International Obesity Task Force were used to define their weight status in terms of underweight, overweight and obesity [@bib21].

2.4. Statistical analysis {#s0030}
-------------------------

Continuous variables are presented as means and standard deviations (SDs), categorical variables are presented as absolute frequencies and percentages. Normality of variables\' distribution was tested by Kolmogorov-Smirnov test. Differences between categorical variables were tested by Chi-square test. Respectively, Kruskall-Wallis test and one-way ANOVA (with Bonferroni correction) were used for multiple comparisons. The associations among the dependent variables BMI, fat mass (FM), free FM (FFM), waist circumference (WC) and selected weight-related food groups and the independent variable sleep-wake behavior and PDSS were examined using multivariate linear regression models. SPSS version 20.0 (IMB SPSS Inc) was used for all statistical evaluations.

3. Results {#s0035}
==========

The mean age of the adolescents was 12.0±0.7. Nearly 27% of participants were overweight and 24.5% were obese. Boys had a large proportion of overweight and obesity compared with girls (*p*\<0.001). No other gender difference was found for the variables of interest. Moreover, adolescent who have parents with a higher education or a skilled profession were more likely to be under/normal weight. Physical activity was found to be lower in overweight and obese adolescent, while almost a half of the under/normal weight subject had a medium physical activities level. Only 84 adolescents (6%) had a good adherence to the Mediterranean Diet, with under/normal weight subject showing, on average, a greater adherence. The demographic characteristics of the 1586 adolescents (870 boys and 716 girls) distributed by BMI classification are showed in [Table 1](#t0005){ref-type="table"}.

[Table 2](#t0010){ref-type="table"} presents the sleep habits of the sample according to BMI category. The three groups shared similar bed times and wake times, with no significant differences. Under/normal weight adolescent had longer sleep time duration, both as total and weekdays sleep time, compared to the overweight and obese groups. Sleep duration was prolonged during weekends indifferently in all the three groups. When weekdays sleep time and weekend sleep time was compared within the three BMI category, a significant difference was found in all the groups, indicating a possible sleep deprivation pattern in all sample (*p*\<0.001, data not shown). No difference in nap habits or length was found. The PDSS score increased among the three groups with a mean of 13.3±6.3 for under/normal weight, 9.8±5.9 for overweight and 14.7±6.7 for obese adolescent. Anthropometric characteristics and weight-related KIDMED score items by sleep timing behavior category are shown in [Table 3](#t0015){ref-type="table"}. BMI, FM% and WC resulted significantly lower in EL category, while no association was found with KIDMED items or physical activities.

The linear regression showed an inverse correlation between the total sleep time and BMI (*β*=−0.829, *P*=0.021), FM% (*β=*−0.526, *P*=0.025) and WC (*β*=−0.426, *P*=0.045). Similar results were found also for weekdays sleep time ([Table 4](#t0020){ref-type="table"}). Instead a direct association was found between the PDSS score and BMI (*β*=0.529, *P*=0.041) and FM% (*β*=0.435, *P*=0.039), but not with WC and FFM. Regarding selected weight-related food groups and behaviors, fruit and vegetable intake was positively associated with total and weekdays sleep time, but not with weekend sleep time and PDSS. Consumption of sweets, snacks, and the eating outside habit were more frequent in shorter sleep adolescent and directly related with PDSS. On the contrary, breakfast habit and physical activity were not related to sleep duration or PDSS.

The assumption of linearity for the continuous variables was confirmed by plotting the residuals *versus* the predicted values (data not shown). A significant linear direct relation between the KIDMED score and PDSS, weekdays sleep time and total sleep time was found ([Fig. 1](#f0005){ref-type="fig"}).

4. Discussion {#s0040}
=============

This study investigated the relationship between sleep patterns, body composition, and dietary habits in a sample of healthy adolescent aged 11--14 years. To our knowledge, this study is the first study investigating the association between sleep patterns, weight status, and Mediterranean Diet in adolescent using bioelectrical impedance analysis.

The result showed that male adolescents were significantly more likely to develop overweight and obesity compared to females. This data are consistent with recent investigations assessing a high prevalence of overweight and obesity in Southern Italy and Italian islands, especially among boys [@bib22]. This might be due to a higher attention to physical appearance, weight and body shape among teenage girls, but also hormonal differences and maturational status could have an important effect in both sleep and metabolic control [@bib23]. Adolescents reporting higher level of parents' education and occupation were significantly less likely to be overweight/obese. Lifestyle habits of young adolescents dependent on parental control with a progressive decrease with age [@bib24]. Parents with a higher level of education and SES seems to provide their children food of a higher nutritional quality, including more fruits and vegetables [@bib25]. However, it has been estimated than more than a half of parents underestimate their children\'s weight, encouraging their sons to eat more [@bib26].

Weekdays, total sleep duration and EL sleeping category were inversely associated with BMI, FM% and WC. Although the association between short sleep duration and adolescent obesity has been reported by several studies, the potential mechanism remains unclear. We investigated not only BMI levels but also effective FM because it has been shown to be better correlated with hormonal and metabolic alteration in human body [@bib27], [@bib28]. In fact, imbalance of two opposite hormones, leptin and ghrelin involved in food intake and energy balance, has been reported in many studies investigating sleep duration and weight gain [@bib29], [@bib30], [@bib31], [@bib32]. Leptin is secreted from white adipocytes, and acts on the central nervous system, in the arcuate nucleus of the hypothalamus, through the inhibition of hunger and by the stimulation of energy expenditure. Moreover, leptin is involved in other pathophysiological processes including atherosclerosis, tolerance and insulin sensitivity and also is liked to cardiovascular diseases and the metabolic syndrome [@bib33], [@bib34]. On the contrary, ghrelin is mainly secreted from the stomach and by acting on the hypothalamus, stimulates hunger and fat production. Short sleep has been associated with decreased circulating leptin level and increased ghrelin, a hormonal pattern leading to an increased appetite and fat production with a decreased energy expenditure [@bib29]. Although this pathophysiological mechanism seems to be the one with the greater consensus, other studies showed conflicting results [@bib35], [@bib36]. Moreover, not only sleep duration may induce hormonal changes, but also sleep quality seems to lead to a pro-fat hormonal pattern. Sleep disturbance increase morning cortisol levels, reduce insulin sensitivity and growth hormone secretion [@bib37], [@bib38], supporting the associations between poor sleep quality and obesity, as found in other studies [@bib39], [@bib40].

Bedtime and wake time were not related to overweight or obesity in our study, however an EL sleep timing behavior, corresponding to a longer duration of sleep, resulted in a better weight control compared to the others sleep timing behaviors. In a recent Australian cross-sectional study, adolescent with a late bed--late rise pattern were 1.47 times more likely to be overweight or obese than those with early bed--early rise one [@bib41]. Moreover, adolescents with late bedtime had a higher intake of extra foods (energy-dense, nutrient-poor foods) while adolescent with an early bedtime consume more fruit and vegetables [@bib41]. Prospective studies showed how a chronic pattern of late sleep timing is linked with an increase of BMI [@bib42] and metabolic disorders [@bib43].

Regarding energy expenditure, we did not found significant differences between physical activities and BMI groups as strong as sleep characteristics. In contrast, sleep quality and duration was inversely associated with the total score and some weight-related items of the KIDMED score. There is evidence of a progressive abandonment of traditional eating pattern in the Mediterranean region [@bib44], [@bib45], [@bib46], [@bib47]. In this context, adolescent who habitually sleep less are more likely to consume less vegetable and fruits and eating out more frequently. These findings are consistent with those of other studies suggesting an association between sleep restriction and the consumption of high-calorie foods, sugared beverages and snacks [@bib48], [@bib49]. In this study we investigated the adherence to a Mediterranean dietary pattern, which has been associated with a number of healthy outcomes, including metabolic disorders, decreased risk of cardiovascular disease (CVD) and certain cancers [@bib50], [@bib51], [@bib52]. There is also evidence of benefits of some peculiar characteristics of the Italian Mediterranean diet, such as the high intake of omega-3 rich fish, which seem to exert anti-obesogenic action [@bib53], [@bib54]. Despite its association with BMI in adolescents is still unclear [@bib55], a high adherence to a healthy dietary pattern, such as the Mediterranean diet, may be associated with a whole healthier lifestyle, which include also better sleep quality. As final results, this condition may decrease the overall risk of non-communicable disease.

Findings of this study should be considered in light of some limitations. Due to the cross-sectional design, it is not possible to define the causality of the associations. Second, both sleep and dietary patterns are affected by parental control, parental dietary habits and parental weight status, which were not investigated in this study. Third, sleep duration calculated as the difference between bed time and wake up time, could overestimate sleep duration due to sleep latency and wake after sleep onset time. Finally, the results may be affected by recall bias and social desirability bias.

In conclusion, less sleep and poor sleep were associated with a lower adherence to Mediterranean Diet, an increase in unhealthy eating behaviors and overweigh/obese status. These findings highlight that the prevention of adolescent obesity needs a multidisciplinary approach considering not only physical activities and diet, but also other lifestyle interventions such as improvements in sleeping habits. Further studies are needed to clarify the multiple mechanisms involved between diet, lifestyle behaviors and sleep patterns in adolescents.
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###### 

Demographic characteristics by BMI classification (*N*=1586).

Table 1

                                  Under/Normal weight *N*=755   Overweight *N*=442   Obese *N*=389   *P*
  ------------------------------- ----------------------------- -------------------- --------------- ---------
  Age (years)                     12.1±0.7                      12.0±0.7             12.1±0.6        0.655
  Gender                                                                                             \<0.001
  Male                            343 (45.5)                    268 (60.6)           259 (66.6)      
  Female                          412 (54.6)                    174 (39.4)           130 (33.4)      
  BMI                             18.5±1.9                      23.2±1.4             28.1±2.8        \<0.001
  Parents' education                                                                                 0.024
  Secondary or lower              305 (40.4)                    255 (57.7)           220 (56.6)      
  High school                     284 (37.6)                    115 (26.0)           108 (27.8)      
  University                      166 (22.0)                    72 (16.3)            61 (15.7)       
  Parents' occupation                                                                                0.026
  Unskilled professions           370 (40.9)                    291 (65.8)           254 (65.3)      
  Partially skilled professions   291 (38.5)                    119 (26.9)           112 (28.8)      
  Skilled professions             94 (12.5)                     32 (7.2)             23 (5.9)        
  Physical activity                                                                                  \<0.001
  Low                             221 (29.3)                    202 (45.7)           197 (50.6)      
  Medium                          340 (45.0)                    176 (39.8)           156 (40.1)      
  High                            194 (24.7)                    64 (14.5)            36 (9.3)        
  KIDMED score                                                                                       0.003
  Poor                            299 (39.6)                    212 (48.0)           200 (51.4)      
  Average                         371 (49.1)                    201 (45.5)           174 (44.7)      
  Good                            85 (11.3)                     29 (6.6)             15 (3.9)        

Data are presented as number (%) or mean±SD; ANOVA was used to compare age and BMI; *χ*2 for all others variables.

###### 

Sleep time habits according to BMI category (*N*=1586).

Table 2

                         Under/Normal weight *N*=755   Overweight *N*=442                           Obese *N*=389                                *P*
  ---------------------- ----------------------------- -------------------------------------------- -------------------------------------------- ---------
  Sleep quantity, hh                                                                                                                             
  Total sleep time       9.0±1.3                       8.5±1.2[a](#tbl2fna){ref-type="table-fn"}    8.5±1.6[a](#tbl2fna){ref-type="table-fn"}    \<0.001
  Weekdays time          8.3±1.1                       7.9±1.0[a](#tbl2fna){ref-type="table-fn"}    7.8±1.1[a](#tbl2fna){ref-type="table-fn"}    \<0.001
  Weekend sleep time     10.0±1.5                      9.8±1.8                                      9.9±1.9                                      0.778
  Nap time on weekdays   1.5±0.8                       1.4±0.7                                      1.4±0.7                                      0.645
  Nap time on weekend    1.6±0.9                       1.5±0.8                                      1.6±0.7                                      0.792
  Sleep quality                                                                                                                                  
  PDSS score             13.3±6.3                      14.5±5.9[a](#tbl2fna){ref-type="table-fn"}   14.7±6.7[a](#tbl2fna){ref-type="table-fn"}   0.001
  Bedtimes weekdays                                                                                                                              0.256
  \<21:00                29 (3.8)                      18 (4.1)                                     13 (3.3)                                     
  21:00--22:00           131 (17.4)                    69 (15.6)                                    38 (9.8)                                     
  22:01--23:00           483 (64.0)                    260 (58.8)                                   263 (67.6)                                   
  \>23:00                112 (14.8)                    95 (21.5)                                    75 (19.3)                                    
  Wake times weekdays                                                                                                                            0.544
  \<7:00                 208 (27.5)                    145 (32.8)                                   121 (31.1)                                   
  7:00--7:30             371 (49.1)                    209 (47.3)                                   188 (48.3)                                   
  \>7:30                 176 (23.3)                    88 (19.9)                                    80 (20.6)                                    
  Bedtimes weekend                                                                                                                               0.195
  \<22:00                120 (15.9)                    64 (14.5)                                    56 (14.4)                                    
  22:00--23:00           264 (35.0)                    145 (32.8)                                   131 (33.7)                                   
  23:01--24:00           255 (33.8)                    149 (33.7)                                   136 (35.0)                                   
  \>24:00                116 (15.4)                    84 (19.0)                                    66 (17.0)                                    
  Wake times weekend                                                                                                                             0.432
  \<9:00                 109 (14.4)                    84 (19.0)                                    99 (25.4)                                    
  9:00--10:00            274 (36.3)                    132 (29.9)                                   95 (24.4)                                    
  \>10:00                372 (49.3)                    226 (51.1)                                   195 (50.1)                                   
  Nap on weekdays, yes   198 (26.2)                    121 (27.3)                                   101 (25.9)                                   0.678
  Nap on weekend, yes    207 (27.4)                    122 (27.7)                                   103 (26.5)                                   0.746

Data are presented as number (%) or mean±SD; ANOVA was used to compare sleep quantity and quality; *χ*2 for all others variables;

Significantly different from Under/ Normal weight (P\<0.05); Hh, hours; PDSS, Pediatric Daytime Sleepiness Scale.

###### 

Anthropometric characteristics and weight-related KIDMED items by sleep timing behavior category (*N*=1586).

Table 3

                                  EEN=459     EL N=286    LE N=349                                      LL N=492    *P*
  ------------------------------- ----------- ----------- --------------------------------------------- ----------- -------
  BMI                             22.2±2.1    22.0±2.3    22.4±2.0[a](#tbl3fna){ref-type="table-fn"}    22.2±2.4    0.041
  FM%                             23.7±9.3    23.1±9.1    23.9±9.6[a](#tbl3fna){ref-type="table-fn"}    23.5±8.7    0.047
  FFM%                            40.2±7.5    40.7±7.7    39.8±8.0                                      40.1±8.3    0.357
  WC                              73.5±11.2   73.1±13.4   73.6±12.7[a](#tbl3fna){ref-type="table-fn"}   73.4±10.9   0.049
  KIDMED score                    4.3±2.3     4.4±2.4     4.2±2.5                                       4.3±2.7     0.246
  Fruit (serving/day)             1.6±1.8     1.7±2.0     1.6±1.9                                       1.5±1.9     0.145
  Vegetable(serving/day)          1.4±2.0     1.5±1.9     1.3±2.1                                       1.4±1.8     0.153
  Breakfast (times/w)             5.5±1.8     5.4±1.5     5.2±1.7                                       5.4±1.8     0.514
  Sweet and snack (serving/day)   3.2±2.2     3.1±2.3     3.1±2.2                                       3.2±2.4     0.333
  Eating outside (times/w)        1.6±0.9     1.5±1.1     1.7±1.0                                       1.5±1.2     0.256
  Physical activity               3.1±0.8     3.2±0.7     2.9±0.9                                       3.0±0.8     0.565

Data are presented as mean ± SD; ANOVA test was used for all the comparison.

Significantly different from EL (P\<0.05); EE, early bed--early rise; EL, early bed--late rise; FFM, free fat mass; FM, free fat mass; LE, late bed--early rise; LL, late bed--late rise; WC, waist circumference.

###### 

Multivariate linear regression between sleep patterns, anthropometric characteristics and weight-related KIDMED items.

Table 4

                                  Sleep quantity   Sleep quality                                              
  ------------------------------- ---------------- --------------- -------- ------- -------- ------- -------- -------
  BMI                             −0.829           0.021           −0.926   0.011   −0.007   0.421   0.529    0.041
  FM%                             −0.526           0.025           −0.601   0.016   −0.004   0.325   0.435    0.039
  FFM%                            0.361            0.345           0.255    0.436   0.332    0.526   0.565    0.432
  WC                              −0.426           0.045           −0.569   0.024   −0.021   0.623   0.351    0.061
  KIDMED items                                                                                                
  Fruit (serving/day)             0.021            0.035           0.063    0.041   0.032    0.063   0.184    0.564
  Vegetable(serving/day)          0.033            0.029           0.092    0.036   0.011    0.059   −0.265   0.359
  Breakfast (times/w)             0.095            0.231           0.063    0.337   0.049    0.433   0.199    0.065
  Sweet and snack (serving/day)   −0.037           0.044           −0.028   0.039   −0.015   0.112   0.015    0.045
  Eating outside (times/w)        −0.044           0.025           −0.012   0.027   −0.002   0.041   0.197    0.035
  Physical activity               0.101            0.146           0.203    0.442   0.320    0.233   0.264    0.169

Adjusted for: Age, gender, physical activities and parents' education and occupation; FFM, free fat mass; FM, free fat mass; WC, waist circumference;
